PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



„ ■ .„ K.BUSHED UNDER THE PATENT COOPERATgNT^g 



(51) International Patent Classification 6 : 

A61K 39/395, C07K 16/00, C12P 21/00 




(11) International Publication Number: 
(43) International Publication Date: 



WO 99/22764 

14 May 1999 (14.05.99) 



(21) International Application Number: 



(22) International Filing Date: 



PCT/US98/21925 



16 October 1998 (16.10.98) 



(30) Priority Data: 
08/962,497 



31 October 1997 (31.10.97) US 



(71) Applicant: GENENTECH, INC. [US/US]; 1 DNA Way, South 
( } San Francisco, CA 94080-4990 (US). 

(72) Inventor: RAJU, T., Shantha; 1010 Haddoen Drive, San 

Mateo, CA 94402 (US). 

n& Agents- KUBINEC, Jeffrey, S. et al.; Genentech, Inc., 1 DNA 
(74) Agents^ KUB^ CA 94080 -4990 (US). 



(81) Designated States: AL, AM, AT AU AZ BA BB. BG, BR. 
BY CA, CH, CN, CU. CZ, DE, DK, EE, ES, FI, GB, GD, 
GE GH GM, HR, HU, ID, 1L, IS, JP t KE, KG. KP. KR, 

a lc lk/lr/ls, lt. lu. lv, md, mg, mk. mn. 

MW MX. NO, NZ, PL, FT. RO ( RU, SD. SE, SG. SI, SK. 
SL TJTM TO, TT, UA. UG, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW). Eurasian 
patent AM, AZ, BY. KG, KZ, MD, RU, TJ, TM), European 
p alent (AT Be! CH, CY. DE, DK, ES, FI, FR G B GR, 
IE IT LU, MC, NL, PT, SE), OAP1 patent (BF, BJ, CF, 
CG. CI, CM, GA, GN, GW, ML, MR, NE, SN, TO, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHODS AND COMPOSITIONS COMPRISING GLYCOPROTEIN GLYCOFORMS 

(57) Abstract 

This invention relafcs to nove, glycoprotein 
and combinations thereof. More pamcularly the relate^ further relates to immunoglobulins and especially 

methods for P™>!*^^^ including pharmaceutical compositions 

?£$?JS££S£S Nicies " — » *» 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States patty to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

All Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cdte d' I voire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES Spain 

FI Finland 

FR France 

GA Gabon 

GB United Kingdom 

GE Georgia 

GH Ghana 

GN Guinea 

GR Greece 

HU Hungary 

IE Ireland 

IL Israel 

IS Iceland 

IT Italy 

JP Japan 

KE Kenya 

KG Kyrgyzstan 

KP Democratic People's 
Republic of Korea 

KR Republic of Korea 

KZ Kazakstan 

LC Saint Lucia 

LI Liechtenstein 

LK Sri Lanka 

LK Liberia 



LS Lesotho 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav 
Republic of Macedonia 

ML Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

MX Mexico 

NE Niger 

NL Netherlands 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 

SE Sweden 

SG Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



PCT/US98/21925 

WO 99/22764 

METHODS AND COMPOSITIONS COMPRISING GLYCOPROTEIN GLYCOFORMS 

Background of the Invention 

Field of the Invention comp0 sitions comprising the 

This invention relates to glycoprotem gtycoforms as well as to novel comp 
^cofonns of the invent.on. Mo, particularly, the Mention relates to glycoprotein «~ 

n^riseg^^ 

II containing particular N,, k ed g.ycan, Tte Mention further relates to methods for produc n g 

domain conum 5 k invention further relates to pharmaceutical 

detecting enriching and purifying the glycoprotein glycoforms. The invention furtne P 
detecting, & arr ; r i-., 0 f manufacture compnsmg the 

compositions, methods of using the comoosmons, as well as amcles of manu 

compositions. 

Descriotion of Related Disclosures 

Differences . glyco^.n of—, product - *» 

„ic „f — ..en.,., in »e — community as n— orceins produced - P**-* 

Pate,, NO, 5,1 16,9« - 5,565,35) k - been P«P- * — - » ^ ™" * ^ 
„„ (WDProc.Natl.Aci.Sci. USA 8 S:l-535-,.53.U.S. PatentNo. 5,610,2,7 and Ro45-20 > OWR» 

U> h - I— «» — md s,p,k sh °° fc pr *" ,1,y ~lt 

«> „ See. h,», — ™» -M-, » D— . *«*-HW 

Chest 1 03-932 and lmemauonai Publication No. WO 95/23865); anti-CD 1 1 a (Filcher et .1., Blood, 77.249-256, 
S«l ... (.».) W». In... 4:3.7. and Ho„m»e, (.994), Transplantation 5«77-3S0>; »..., g E 

Z« 993 ..— — 

xt *i a ri <iri ttqa 89 4285-4289, and International Publication No. WO 
tr^or pt al H992) Proc. Natl. Acad. Sci. UbA, nzoy, anw 

* - . ,, ,.992, Co- ^ 7:53,4, .nd 1— MM- - « 
« and an,i-CD20 (Mal.ney « .... (.994, Blood. ,4:2457-2,66, Liu e, a,., <19«7, .. Immunol.. 

' M 3!2 «« » g.y.o.y..«d « ensued p«i*» » ** «-»» <, * ri! ™" Lu "''.'"' J " 

Chen, h— to,. «:.. ...2S; Wright and Morrison ( ,997, TibTECH 15:26-32, The olig— e : s.de 
chauts of the immunoglobulins affeci the protein's function (Boyd et al., (1996) Mol. Immunol. 32.131 1-13 IE. 
, Wi»w A, - Howard, S.C. ,1990, Biochern. 2,:4„5-4,«0> and ,h. in—a, interact,, between 

glycoprotein (Jefferis and Lund amia; Wyss and Wagner ( 1 996, Curr. Opin Biotech. 7:409-4 1^ Har; (1 992, 
cLopmC««B»M:10.7-1.2*O^^ 

Cut, Op» Suuct. Biol, 1:750-754). Oligosttccharides m„ .is. ~* » «*• • ^»"» » «"*'" 

, moJes based upon specific "-«- " —"^ 

1,0 th. oligosaccharide moiety ou, of ,h. int.,™ space and terminal N-acet.ygl— 
bee m, ,.-,« » bmd maNtos. bindmg pt.tem (Malhotn, e, .... (.995, Na«re Med. 1:23,-243). I. ha. al» 
been reported m„ me p.s.ncc of nomeducing terminal galactose residue, ,n antibody cm domain, may be 
imp.™,, febmding of .gO » C„ and Fc receptor, (Ts.chiy. « .L, W >• »»»■ 
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CMCL C AWATH.lH«^»i*P-i*««*»-» , ' i * i " x '" C ' cd " rOT ° Vt 6 
f»„,d „ r.duc. CMCL by l«» *™ on.h,.f (B<,yd « d. Mi) 

w cell type »»* for oprnsM »f .e=<mb.nan. glycop.o.™* * P*™ 1 

Since tne ceu iyn c " r oivcnnroteins can be expected. 

, * native cell significant variations in the glycosylate pattern of the glycoproteins H 
is rarely the native cell, signincai u rtprn oeneously glycosylated molecules 

, nncen activator produced in different cell types results in heterogeneousiy g y y 

° 997) j - ™:rr P i . - — ^ « *■* — 

k 1 mode (adherent or suspension), media formulation, culture density, oxygenate, P H, 
production such as growth mode (adherent o p Drog Re , 43:1134-1249; Hayter a/., 

purification schemes and the like (Wemer, R. and Noe, W. (1993), Drug 

mRnme/fl! (1994) B otech and Bioeng. 4J.du^ j it, " j 

(1992 ) Biotech, and Bioeng. 39:327-335, Boi^s « *U ^ ^ ^ fa ^ 

(1993) Bio/technology 1 1:720-724; Hearing dW ^ ;U&pllaitNo . 5iq 96.„«; 

in Bioprocessing II, Todd * */., eds (.992) American Chem.cal Socety pp.199 . 

r„ , W (1994) Cytotech. 15:217-221). Several groups have investigated the process param 
Chotigeat, W., (1994) cyto com p OS ition in the production of 

, affectmeprcJuctionofrecombmantprotems^sr^ciallytheeffectotm P 

u- ♦ „,*in S . Park era/ (1992) Biotech. Bioeng. 40:686-696; Cox and McClure, (1983) in v 
recombmant protems (Parker a/., ,o 7 . 664 669 - Le Gros ef (1985) Lymph. Res. 

; noo9i Riochem Biophys. Res. Comm. 187.6t>4-oo*, ix u.u 
6; Mizutani et ai, (1992) Biocnem. oiup y ach i eV ed in a particular 

J*rMZm Various methods have been proposed to alter the glycosylate pattern achieved n P 
4(3)22 1 -227). various m mmme . involved in oligosaccharide production 

host organism including mtroducing or overexpressmg certain enzymes J 
(U .S. Patent No. 5,047,335 U.S. Patent No. 5,510,261). Tnese schemes are not hm.ted 



25 

(U.S. Patent No. 5,278,299). ft f, he N-linkedglycans attached to the heavy 

While some wo* has been done to eva.uate the structure of the N Imk S ^ 
chain of clinically relevant antibodies, these studies indicate that various hos t c* ^ 
glyca „ processing. Analysis of the produced glycoprotein reveals "^f^^ „ we 

=• u «rv 16 1370-1380) Glycosylate differences in antibodies are generally 
(1997) Biochemistry 36.1370 1380). y ^ B;)W 

• ^ m: ,v influence the antibodies' structure (Weitzhandler et ai., u fr*> 

constant domam and may influence mc «u nmduced for clinical 

r ■ to ensure that the glycosylate partem of glycoprotein products produced 

It is therefore important to ensure mat tne gy y t „ , , h „ faV orable in vivo properties of the 

use is uniform throughout and between production lots but also that the favorable » __ 

antibodies are at least retained. 

Summary of the Invention 
Tta ^ in— p™*. *. 18 ™" S " bS " U "' , " y T ! 

P », jri, - - - - • — - 

: — — . ph— — ;«;:: — j * - 
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gly»P»™ P— ■«»"— — provide improved P»P«*. - «» 
, . P— - p.,™ — P rov te „.,.! - ~ 

L o r o oligosaccharide as defined herein. Also provided are 

u ^^tiaiiv all of the oligosaccharide is a G-2 ohgosaccnanae a* u 

u . ,-.iiv free of elvcoproteins comprising an immunoglobulin CH2 domain wnerem 

I^:«r O 00 « o, i > P— ^ - * » - — * - 

. «^l*n«-*- -po*r« *' 

70 reconstitutable in an appropriate solvent. 

admiring ,o a mamma, in need thereof a therapeutically effective dose of the pharmaceutical composes 
^^^rfuttherob.ectoftheinventio „ to provide the g.ycofonnprepataticns^ an anic.e of manufactu, 

25 or kit that can be employed for purposes of treating a disease or disorder. 

Brief Description of the Drawings 
Figure , A, F,gure IB and Figure ,C depict o.igosaccharide ana.ysis of an anti-CD20 monoc^na, 
antibody C2B8 by caoil.ary e.ectrophoresis with laser-tnduced fluorescence detection. C2B8 pro uced ,n 4 OL 
batch-f d cuiture produced at .east four g.ycofo™ of C2B8 (Figure .A, F*» 
30 preparation.eatedwithP-ga.actosidase.Figure.Cd 

glucosaminosidase A single G-2 glycoform preparation was obtamed (G-2). 

Figure 2 depicts the binding of C2B8 to Co using the procedure of Reff et a.., (.994) Blood 83.435- 
445. B othG2andG-2 P reparationsboundC.otoagreaterextentthancontro. samples exhibitmg heterogeneous 

35 e,yC ° f0 Tigure 3 depicts the bioactivity of the G2 and G-2 glycoform preparations compared with the 
preparations having al, carbohydrate removed (No) and preparations having only galactose removed (GO) ,n a 

rabbit/human complement lysis assay. 

Figure 4A and Figure 4B depict o.igosaccharide a»a.ysis of an anti-CD20 monoc.ona. ant.body C2B8 
by capiilary e.ectrophoresis with .aser-induced fluorescence detection. C2B8 produced b, 400L batch-fed cu.ture 
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was obtained. ,. nriv bv caD iUary electrophoresis. It can be 

analysis of an anti-VEGF monoclonal antibody oy capm y 
Figure 5 depicts analysis o E i ycofo rms forming a heterogeneous 

j j • run rell culture contained at least tnree w 
seen that anti-VEGF produced » CHO cultur ealactosyltrans f e rase according to the present 

composition. The same anti-VEGF after treatment w.th (3-1-4 galactosy 

invention produced a single G2glycoform. , antibodv bv capillary electrophoresis. It can be 

£ , . „ „,,i v .;c nf an anti-IgE monoclonal antibody oy capm y 
FigU re « depicts an ^s of I ^ ^ ^ . heterogeneous 

seen that anti-IgE produced CHO celUu ^ ^ ^ ^ 

.^saccharide populat.o ■ T* J - & Q2 glycofom . 

galactosyltransferase according to the present m lih „dv bv capillary electrophoresis. It can be 

-,H»nic« analysis of an anti-HER2 monoclonal antibody by capmary 

Flgure 7 depots an^s ^ ^ fonning . heterogeneous 

seen that anti-HER2 produced in CHO «ta ^ ^ ^ ^ 

oligosaccharide population. The same ant,-HER2 ™ ^ 

^.transferase according to the present invention ^ mgM ^ 

Figure 8 depicts a representative SDS polyacry. amide gel ^ ' ^ 
^-.-^n. I »ne 1 is molecular weight standards, Lane tne 
under non-reducing conditions. Lane 1 is mo. B remove galac tose residues from the 

• u r-mn meoaration treated with galactosidase to remove gai<t 
Lane 3 is the C2B8 preparation u „ lvc0 neptidase-F for the removal 

a c THO derived C2B8 preparation treated with glycopepu 
oligosaccharides; Lane 4 is the CHO derived u P P jon . Lane 6 is CHO-derived C2B8 

t,,riHp- 1 ane 5 is the C2B8 antibody from CHO production, 
B of ^oligosaccharide, Lane 5. st CHO-derived C2B8 and BSA. Tne representative gel shows that 

after incubation at 37 C for 24 hours; lane 7 ,s CHO-denved galactosyltra nsferase. The G2 

me molecular size of the C2B8 molecule remains intact after treatment with the gal 

glycof orm does not dismpt the primary structure of the antib^ de electrophoreses 

Figure 9 depicts the same material described above analyzed by poly ry 

-n,o r?R8 heaw and light chains remain intact. 
l5 underreducingcond,^ 

Fi8 T 1 T^oTjyZlZ^ dichroism is sensitive to secondary structure (Provencer 
from CHO culture and the 02 glycotorm ^ same 

and Glockner (1981), Biochem. 20:33-37) it can be concluded that the G2 g y 

structure as C2B8 of heterogenous glycan composite. heteroge neous 

Figure 1 1 depicts the bioact.vity of the G2 glycoform preparation compared 
composition for C2B8 in a rabbit complement lysis assay. ^ ^ 

»- ,9 deoicts the correlation of bioactivity and galactose content in the G2 giy 

F.gure 12 depicts the corr ^ ^ cell 

glycoform preparation was at least 1 .5 times more active ,n this assay than 



culture conditions. 

35 



is Hubb,. - lv« (.98,1 A».. R... B«*». 50.555 
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includes, for instance, Man, which represents mannose; GlcNAc, which represents 2-N-acetylgIucosamine; Gal 
which represents galactose; Fuc for fiicose; and Glc, which represents glucose. Sialic acids are described by the 
shorthand notation NeuN Ac, for 5-N-acetylneuraminic acid, and NeuNGc for 5-giycolymeuraminic acid (J. Biol. 
Chem, 1982 257:3347; J. Biol. Chem., 1982, 257:3352). 

5 The "CH2" domain of the present invention is meant to describe an immunoglobulin heavy chain 

constant CH2 domain, in defining an immunoglobulin CH2 domain reference is made to immunoglobulins in 
general and in particular to the domain structure of immunoglobulins as applied to human IgG 1 by Kabat E. A. 
(1978) Adv. Protein Chem. 32: 1 -75. Accordingly, immunoglobulins are generally heterotetrameric glycoproteins 
of about 150,000 daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each 

10 light chain is linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages 
varies between the heavy chains of different immunoglobulin isotypes. Each heavy and light chain also has 
regularly spaced intrachain disulfide bridges. Each heavy chain has an amino terminal variable domain (VH) 
followed by carboxy terminal constant domains. Each light chain has a variable N-terminal domain (VL) and 
a C terminal constant domain; the constant domain of the light chain is aligned with the first constant domain 

1 5 (CHI) of the heavy chain, and the light chain variable domain is aligned with the variable domain of the heavy 
chain. According to the domain definition of immunoglobulin polypeptide chains, light (L) chains have two 
conformationaliy similar domains VL and CL; and heavy chains have four domains (VH, CHI, CH2, and CH3) 
each of which has one intrachain disulfide bridge. 

Depending on the amino acid sequence of the constant (C) domain of the heavy chains, 

20 immunoglobulins can be assigned to different classes. There are five major classes of immunoglobulins: IgA, 
IgD, IgE, IgG, and IgM. The heavy-chain constant domains that correspond to the different classes of 
immunoglobulins are called a, 5, e, y, and \l domains respectively. Sequence studies have shown that the u 
chain of IgM contains five domains VH, CHul, CHu2, CHu3, and CHu4. The heavy chain of IgE (e) also 
contains five domains while the heavy chain of IgA (a) has four domains. The immunoglobulin class can be 

25 further divided into subclasses (isotypes), e.g., IgGj, IgG 2 , IgG 3 , IgG 4 , IgAj, and IgA 2 . 

The subunit structures and three-dimensional configurations of different classes of immunoglobulins 
are well known. Of these IgA and IgM are polymeric and each subunit contains two light and two heavy chains. 
The heavy chain of IgG (y) contains a length of polypeptide chain lying between the CHyl and CHy2 domains 
known as the hinge region. The a chain of IgA has a hinge region containing an O-linked glycosylation site and 

30 the u and e chains do not have a sequence analogous to the hinge region of the y and a chains, however, they 
contain a fourth constant domain lacking in the others. The domain composition of immunoglobulin chains can 
be summarized as follows: 

Light Chain X = VXC\ 

k = VkCk 

35 Heavy Chain IgG (y) = VH CHy 1 , hinge CHy2 CHy3 

IgM (u) = VH CHul CHu2 CHu3 CHu4 
IgA (a) = VH CHal hinge CHa2 CHa3 
IgE (e) - VH CHel CHe2 CHe3 CHe4 
IgD (6) = VH CH61 hinge CH62 CH63 
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A CH2 domain therefore is an immunoglobulin heavy chain constant region domain. According to the present 
invention, the CH2 domain is preferably the CH2 domain of one of the five immunoglobulins subtypes indicated 
above. Preferred are mammalian immunoglobulin CH2 domains such as a primate or murine immunoglobulin 
with the primate and especially human immunoglobulin CH2 domains being preferred. The amino acid 
5 sequence of immunoglobulin CH2 domains are known or are generally available to the skilled artisan (Kabat et 
al„ Sequences of proteins of immunological interest Fifth Ed., U.S. Department of Health and Human Services, 
NIH Publication No. 91-3242). A preferred immunoglobulin CH2 domain within the context of the present 
invention is a human IgG and preferably from IgGl, IgG2, IgG3, IgG4 and more preferably a human IgGl. 
Using the numbering system of Edelman, G.M., et ah, (1969) Proc. NatL Acad. Sci. USA 63:78-85 the 

1 0 immunoglobulin CH2 domain preferably begins at amino position equivalent to glutamine 233 of human IgG 1 
and extends through amino acid equivalent to lysine 340 (Ellison et ai. ? (1982) EMBO J. 1 :403-407). 

With respect to human antibody molecules reference is made to the IgG class in which an N-linked 
oligosaccharide is attached to the amide side chain of Asn 297 of the p-4 bend of the inner face of the CH2 
domain of the Fc region (Beale and Feinstein (1976) Q. Rev. Biophys. 9:253-259; Jefferis et al. (1995) Immunol. 

1 5 Letts. 44: 1 1 1 - 1 1 7). It is characteristic of the glycoprotein of the present invention that it contain or be modified 
to contain at least a CH2 domain. The CH2 domain is a CH2 domain of an immunoglobulin having a single re- 
linked oligosaccharide of a human IgG CH2 domain. The CH2 domain is preferably the CHy2 domain of human 

The oligosaccharides of the present invention occur on the CH2 domain expressed as N-linked 
20 oligosaccharides. "N-linked glycosylation" refers to the attachment of the carbohydrate moiety via GlcNAc to 
an asparagine residue in a polypeptide chain. The N-linked carbohydrates all contain a common ManI-6(Man 1 - 
3)ManPl-4GlcNAcpl-4GlcNAcP-R core structure. Therefore, in the core structure described, R represents an 
asparagine residue of the produced glycoprotein. The sequence of the protein produced will contain an 
asparagine-X-serine, asparagine-X-threonine, and asparagine-X-cysteine, wherein X is any amino acid except 
25 proline. The skilled artisan will recognize that, for example, each of murine IgG3, IgGl, IgG2B, IgG2A and 
human IgD, IgG3, IgGl, IgAl, IgG2 and IgG4 CH2 domains have a single site for N-linked glycosylation at 
amino acid residue 297 (Kabat et al., Sequences of proteins of immunological interest Fifth Ed., U.S. Department 
of Health and Human Services, NIH Publication No. 91-3242). 

Of the N-linked carbohydrates the most important are the "complex" N-linked carbohydrates of the 
30 variety naturally occurring in immunoglobulin CH2 domains. According to the present invention such complex 
carbohydrates will be one of the "bi-antennary" structures described herein. The core bi-antennary structure 
(GlcNAc2Man3GlcNAc) is typical of biantennary oligosaccharides and can be represented schematically as: 
GlcNAc(il-2Mana% Fucoa 

6 6 
35 Man(U-GlcNAc(n-4GlcNAc 

3 

GlcNAc01-2Manc^ 

Since each biantennary structure may have a bisecting N-acetylglucoseamine, core fucose and either 
galactose or sialic acid outer saccharides, there are a total of 36 structurally unique oligosaccharides which may 
40 occupy the N-linked Asn 297 site (Jefferis and Lund supra ). It will also be recognized that within a particular 
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at either Asn 297 residue within the two chain Fc domain. For example, ^ r^gelerally differentaly 

, single antibrfy-secreting cell ma, be homogeneous . n »>« sequence, , 

S ^^^^"TTZ !> ZT^ CH, domam of me igO are 
The major types of compta oligosacchar.de structures found ui 

represented below. 

Fuc , 

Gal Glc-Man | 3 

NAc ^Man-Glc-Glc-Asn 

Gal Glc-Man NAc NAc \ 

NAc 

Fuc , 

Gal Glc-Man | J 

NAc ^Man-Glc-Glc-Asn Gl 

GlcNAc— Man NAc NAc \ 

Fuc , 

GlcNAc Man | J 

^ Man-Glc-Glc-Asn Gl 

Gal G lc-Ma^ ^c NAc \ 

NAc 

Fuc , 

GlcNAc Man | i 

^Man-Glc-Glc-Asn GO 

GlcNAc— Man NAc NAc \ 



Fuc 

Man^ 



s 

Man-Glc-Glc-Asn G-l 



GlcNAc Man 



NAc 



NAc ^ 



Fuc ^ 

GlcNAc Man | i 

Man-Glc-Glc-Asn G-l 



Man NAc NAc \ 



Fuc 



Man 



Man 



s 

Man-Glc-Glc-Asn 
NAc NAc ^ 



G-2 
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According to the present invention GO refers to a biantennary structure wherein no terminal sialic acids (NeuAcs) 
or Gals are present, Gl refers to a biantennary structure having one Gal and no NeuAcs and G2 refers to a 
biantennary structure with two terminal Gals and no NeuAcs. Accordingly, G- 1 refers to the core unit minus one 
GlcNAc and G-2 refers to the core structure minus two GlcNAc's. 
5 The term "glycoform" as used within the context of the present invention is meant to denote a 

glycoprotein containing a particular carbohydrate structure or structures. Therefore, the G-2 glycoform of a CH2 
domain refers to a CH2 domain having a G-2 glycan as defined herein. 

The phrases "substantially homogeneous", "substantially uniform" and "substantial homogeneity 0 and 
the like are used to indicate that the product is substantially devoid of by-products originating from undesired 
10 glycoforms (e.g. GO and Gl). Expressed in terms of purity, substantial homogeneity means that the amount of 
by-products does not exceed 10%, and preferably is below 5%, more preferably below 1%, most preferably 
below 0.5%, wherein the percentages are by weight. 

The phrases "substantially free of and the like are used to indicate that the product is substantially 
devoid of by-products originating from undesired glycoforms (e.g. GO and Gl). Expressed in terms of purity, 
1 5 substantially free means that the amount of by-products does not exceed 1 0%, and preferably is below 5%, more 
preferably below 1%, most preferably below 0.5%, wherein the percentages are by weight. 

The "CD20" antigen is expressed during early pre-B cell development and may regulate a step in 
cellular activation required for cell cycle initiation and differentiation. The CD20 antigen is expressed at high 
levels on neoplastic B cells however it is present on normal B cells as well. Anti-CD20 antibodies which 
20 recognize the CD20 surface antigen have been used clinically to lead to the targeting and destruction of 
neoplastic B cells (Maloney et al., (1994) Blood 84:2457-2466; Press et al., (1993) NEJM 329:12219-12223; 
Kaminski et al., (1993) NEJM 329; McLaughlin et al., (1996) Proc. Am. Soc. Clin. Oncol. 15:417). Chimeric 
and humanized anti-CD20 antibodies mediate complement dependent lysis of target B cells (Maloney et al. 
supra). The monoclonal antibody C2B8 recognizes the human B cell restricted differentiation antigen Bp35 (Liu 
25 et al., (1987) J. ImmunoL 139:3521 ; Maloney et al., (1994) Blood 84:2457). "C2B8" is defined as the anti-CD20 
monoclonal antibody described in International Publication No. W094/1 1026, 

The terms antibody and immunoglobulins are used interchangeably and used to denote glycoproteins 
having the structural characteristics noted above for immunoglobulins. 

The term "antibody" is used in the broadest sense and specifically covers single monoclonal antibodies 
30 (including agonist and antagonist antibodies) and antibody compositions with polyepitopic specificity. The term 
"antibody" specifically covers monoclonal antibodies (including full length monoclonal antibodies), polyclonal 
antibodies, muitispecific antibodies (e.g., bispecific antibodies), and antibody fragments so long as they contain 
or are modified to contain at least the portion of the CH2 domain of the heavy chain immunoglobulin constant 
region comprising the singled N-linked glycosylation site. Exemplary antibodies within the scope of the present 
35 invention include but are not limited to anti-IL-8 T St John et al., (1993) Chest 103:932 and International 
Publication No. WO 95/23865; anti-CD 1 la, Filcher et al., Blood, 77:249-256, Steppe et al., (1991) Transplant 
Intl. 4:3-7, and Hourmant et al, (1994) Transplantation 58:377-380; anti-lgE, Presta et al., (1993) J. Immunol. 
151:2623-2632, and International Publication No. WO 95/19181; anti-HER2, Carter et al., (1992) Proc. Natl. 
Acad. Sci. USA 89:4285-4289, and International Publication No. WO 92/20798; anti-VEGF, Jin Kim et al., 
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■ , „ ur w„ u/n qfi/30046: and anti-CD20, Maloney et 
(1992) Growth Factors, 7:53-64, and lnternat.onal Publ.cat.on No. WO 96/30040, 

a. (1994) Blood. 84.2457-2466, and Liu et at., (1987) J. Immunol., 130:3521-3526. 

Te term "preparation" as used Herein is used to define a composition which has been .dent.f.ed and 
separa ted and/or recovered as component of its environment. Contaminant component of tts env—^ 
ZZL which wou.d interfere with dia^ostic or therapeutic uses for the gly co P rotem such as unwanted 

rinded giycoforms (GO and 01), and may inciude enzymes, hormones, and other p_s « 

unintenaea ..... ,Kc^nti a Uv free of these contaminants. In 

. ^^n, solutes The preparation of the invention is substantially tree or 
nonprotemaceous solutes. p P 95% weight of 

S ZCl— Monoclonal anubodies 

V*, M. — — ■ * Furthermore, h - «— 

,„ It— edbyod,— Tb.^*----*'*---*'-* 

^l, p^n or »= b, any — - — * - "TZl 

=, .1.. (1975) N»«.re. J3&49S. or ~y »= "<»ie by rec—nnan, DNA me** (». «.. US. P«. No. 
H "'"te — — e,^ Include r^and ~ — . 

Z I L, or . chain .Ton, one apeeiea * . *. — or ««. - 

„A Agitations , pp. ™-« O*™ 1 DekkCT ' lnC " N ™ Y "* "™ , . .. . - 

^^noclona, antibodies Keren, apeeincaliy indud. "chimeric- antibodiea <unm.no 8 lo»uhn.> . 
„hich , porta of «,. b», -0- «*• « « "* « —on, .« eorreapond^ aeouenee, .n 

a^er aeeelea o, belonging » — d- or subdua, as ~» - ^ of ^ ^« » 

tae „ the, cor„u, or are modift.d ,o contain . tar. on. OB domain (Cabilr, Momaon ., a, .. 

(1984) Proc.Natl. Acad. Sci. U.S.A. 81:6851. 
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the most part, humanized antibodies are human immunoglobulins ^ 

a complement— g region (CDR, ofthe recipient a, ^ ^ ^ 

In some insiances, Fv framework residuesofthe human — ^ - ^ 

human ,.*=, Furthermore, h.manired — - - J- - _ ^ 

^ t™r»llv two variable domains, in which all or suDstamiai y 
of at least one, and typically two, va™ of 

, human I— *~ — * — - " rf J_ ^.obuiin. For «. 

, portion of an immunogiobuim eons™, regt. (F ), typically tha 

dentils see Jones « J. .HUB 32 1 ;522 (1986); Re,chn»nn « .1 .. Kaffir. 332.323 , 

o The immunoglobulin constant domain sequence in the nnmunoadhesin may 
domain sequence. The immunogioDu i mmU noadhesins are 

any immunoglobulin, such as IgG„ lgG 2 , IgGj. or lgG 4 subtypes, IgA, IgE, IgD lg 

described in, for example, U.S. Patent No. 5,1 16 964. (as hereinabove 

As used herein the ph.se "muUispec.f.c .mmu.oadhesin 
d e fi ned) having at least two binding specificities (,*. combining "^J,^ 

JU . e rnn hp assembled as heterodimers, heterotrimers or neteroteiram , 
Multispecific immunoadhesins can be ^emb.ed as ^ ^ ^ ^ ^ ^ 

as disclosed in WO 89/02922 (published 6 Apr,. 1989), in EP 3 14 3 (P 

..w, u ,i)g 7 Preferred mult spec fic immunoadhesins are mipcwi 
Patent No. 5,116,964 .ssued 2 May 1992. Preferred m p lsG/L . se lectin-lgG. The last 

of HIV infection, related conditions, or as a diagnostic 

An "antibody-immunoadhesin chimera (AM. chimera)" comprises a molecule wh c comb 

■ f a „,ibodv (as herein defined) with at least one immunoadhesm (as defined in th.s 
35 one binding domain of an antibody (as herein aerin ; 

r f nn> Exemolary Ab/la chimeras are the bispecific CD4-IgG chimeras described by Berg sm_ 
application). Exemplary a™" mosq. Nature 337-525-53 l;Traunecker 

m d Ch-.» . .U m, ■ — — ■ ^ «*"" ""^.u, o, homing rcccno, 
e, „, 33**™ - *• - (««- *« " ^ ^ ~ CD4a 

(Watson « a... (19TO >. Cell. Biol. 1 10:222.-2229; and W««» « I, <■»■) >*«■ 
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(Aruffo et a!., (1990) Cell 61:1303-1313; CD28 and B7 (Linsley et al., (1991) J. Exp. Med. 173:721-730); 
CTLA-4 (Lisley et al., J. Exp. Med. 174:561-569); CD22 (Stamenkovic et al., Cell 66:1 133-1 144); TNF receptor 
(Ashkenazi etal., (1991) Proc.Natl. Acad. Sci. USA 88:10535-10539; Lesslaueret al., (1991) Eur. J. Immunol. 
27:2883-2886; and Peppel et al., (1991) J. Exp. Med. 174: 1483-1489); NP receptors (Bennett et al., (1991) J. 
5 Biol. Chem. 266:23060-23067; interferon y receptor (Kurschner et al., (1992) J. Biol. Chem. 267:9354-9360; 
4-1BB (Chalupny et aL, (1992) PNAS USA 89:10360-10364) and IgE receptor a (Ridgway and Gorman, (1991) 
J. Cell. Biol. 1 15, Abstract No. 1448). 

Examples of homomultimeric immunoadhesins which have been described for therapeutic use include 
the CD4-IgG immunoadhesin for blocking the binding of HIV to cell-surface CD4. Data obtained from Phase 

10 I clinical trials in which CD4-IgG was administered to pregnant women just before delivery suggests that this 
immunoadhesin may be useful in the prevention of maternal-fetal transfer of HIV. Ashkenazi (1991) et aL, 
Intern. Rev. Immunol. 10:219-227. An immunoadhesin which binds tumor necrosis factor (TNF) has also been 
developed. TNF is a proinflammatory cytokine which has been shown to be a major mediator of septic shock. 
Based on a mouse model of septic shock, a TNF receptor immunoadhesin has shown promise as a candidate for 

15 clinical use in treating septic shock (Ashkenazi, A. et al. (1991) PNAS USA 88:10535-10539). 

If the two arms of the immunoadhesin structure have different specificities, the immunoadhesin is called 
a "bispecific immunoadhesin" by analogy to bispecific antibodies. Dietsch et al., (1993) J. Immunol. Methods 
162:123 describe such a bispecific immunoadhesin combining the extracellular domains of the adhesion 
molecules, E-selectin and P-selectin, each of which selectins is expressed in a different cell type in nature. 

20 Binding studies indicated that the bispecific immunoglobulin fusion protein so formed had an enhanced ability 
to bind to a myeloid cell line compared to the monospecific immunoadhesins from which it was derived. 

The invention also pertains to immunoconjugates comprising the antibody described herein conjugated 
to a cytotoxic agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically active toxin of bacterial, 
fungal, plant or animal origin, or fragments thereof), or a radioactive isotope (i.e., a radioconjugate). 

25 In another embodiment, the antibody may be conjugated to a "receptor" (such as streptavidin) for 

utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient, followed 
by removal of unbound conjugate from the circulation using a clearing agent and then administration of a 
"ligand" (e.g., avidin) which is conjugated to a cytotoxic agent (e.g., a radionuclide). 

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. Those in 

30 need of treatment include those already with the disorder as well as those prone to have the disorder or those in 
which the disorder is to be prevented. 

The terms "treating," "treatment," and "therapy" refer to curative therapy, prophylactic therapy, and 
preventative therapy. 

The term "mammal" refers to any animal classified as a mammal, including humans, cows, horses, dogs 
35 and cats. In a preferred embodiment of the invention, the mammal is a human. 

As used herein, protein, peptide and polypeptide are used interchangeably to denote an amino acid 
polymer or a set of two or more interacting or bound amino acid polymers. 

The term "disease state" refers to a physiological state of a cell or of a whole mammal in which an 
interruption, cessation, or disorder of cellular or body functions systems, or organs has occurred. 
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Tta terms "cancer" and "cancerous" refer to or describe the physiolog.al condition in mam^s 

• nractenzed by unrelated ce,. growth. Examples of cancer inc.ude but are not hm.ted to, 
is typically charactenzea D y un 6 „ v „ mn i es 0 f such cancers include 

■ hiastoma. sarcoma, and leukemia. More particular examples ot sucn 

carcinoma, lymphoma, blastoma, sarcom ^ ^ ^ 

ii „„r W «nall-cell lung cancer, non-small cell lung cancer, gasuu. ^ k 

===== r=-J==== 

- — . — — - — — — 

1 1 Tin* or at™- — -» • P*** *» ta1 ' " °"" i "' 8 - ' 

zz — < — . *~ * - — - — *r*r 

the locai reamu^ j-^,j„ c treatable bv the nvention are those 

e *c that lead to repair and healing. Inflammatory disorders treatable oy m 

jrowth and ilUXK. prow""*" f »p.«* progenia. 1 *• >*' 

gruwui oi „w„cinlnpical condition in mammals mat is 

Hie term "neurological disorder" refers to or describes the physiological co 

^..y — d by nerve eel, ,owth, differentiation, or cel, signa.m, Examp.es of neurological 
disorders include, but are not limited to, neurofibromatosis and peripheral neuropathy 
)0 -The term "cardiac disorder" refers to or describes the physiologica. condit.on ,n mammals t at ,s 

• „ Z Ld by cardiac cell growth and differentiation. An example of a cardiac disorder includes, 
WCa " y TTo 1T1 hypertrophy and heart failure, including congestive heart failure, myocardial 

no, pump blood a. tho n> nerftd for the toq.ircmcnts of mmbotag usst.es. 

Th, composition. and ptcpatations o( the present rn.ont.on at. ptefetaWy obon y - 

3„ « i~ nation ». - —* -» - * — - 

CH2 domain w te o, the CH2 M I. »■ I- - »**- *— *« 
3 5 HI, a,, of*. oiigos^de or the 00 d„.i. „ a M * - **- " 

r»d««<«- t*-*-« is.— .,,, fo .r 8 i»^««"i*»^™"»* ta, " C1C 

domain -coin the linked oligosaccharide u . 01. 00 « G-l oligo»cch«tdc. 



-12- 



10 



15 



PCT/US98/21925 

WO 99/22764 

^ resent utvent.cn provides that a substantia,* homogenous glycoform can be obtamed ^tha, 
o^ri cenain events, the glycoform exhibits a favorab.e bioactivity compared *, lth *e 
accords c«a ^ homogenous glycoform of . 

oogenous Ac^S P ^ ^ — , e 

giycoprotem t g — . • — a giyc ° protein hav " s a ch2 d ™ such " 

to one aspect of the present invent, on, P linked glycosylation in each CH2 domain and 

f an IeG 1 type antibody containing a single site for N-luuced giycosyuu 

for example, an igu i type J ,.:„,„_. .he antibodv elycoform s a G2 

„ •„„ ^articular N-linked oligosaccharide is prepared. In one embodiment the anubody g.y 
having a particular in iium: b wherasnect of the present invention 

e ,vcofonn m a farther embodiment, the antibody is a G-2 glycoform. A further aspect otm P 
glycoiorm. uiaiu* antibody glycoforms. This 

provides for a composition as described, being substantially free of G GO and G 1 an 
, nm bines the G2 and G-2 antibody glycoforms of the present mvennon. 

™ to allow the production of intact glycoproteins 

• i j:„„K,itnnt limited to eene expression systems to auowuic^. 

carbohydrate. 

succinic anhydnde, SOCl 2 , or K N-^ of conjugate (for rabbits or mice, 

against the immunogenic conjugates or derivatives by combimng 1 mg of 1 ug of conjuga ( 
35 lectively) with 3 volumes of Freud's complete adjuvant and injecting the so.ut.on intradermal^ mu. P 
Z Lth later the — are boosted with 1/5 to 1/10 the original amount of conjugate ,n Freud 

sites, unemonu animals are bled and the 
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linking reagent. Conjugates also can be made in recombinant cell culture as protein fusions. Also, aggregating 
agents such as alum are used to enhance the immune response. 

Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies using 
the hybridoma method first described by Kohler &, Milstein, (1975) Nature 256:495 or may be made by 
5 recombinant DNA methods (Cabilly et ai, U.S. Patent No. 4,8 1 6,567). In the hybridoma method, a mouse or 
other appropriate host animal, such as hamster, is immunized as hereinabove described to elicit lymphocytes that 
produce, or are capable of producing, antibodies that will specifically bind to the protein used for immunization. 
Alternatively, lymphocytes may be immunized in vitro. Lymphocytes then are fused with myeloma cells using 
a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal Antibodies: 

1 0 Principles and Practice , pp.59- 103 [Academic Press, 1 986]). The hybridoma cells thus prepared are seeded and 
grown in a suitable culture medium that preferably contains one or more substances that inhibit the growth or 
survival of the un fused, parental myeloma cells. For example, if the parental myeloma cells lack the enzyme 
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas 
typically will include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances prevent the 

1 5 growth of HGPRT-deficient cells. Preferred myeloma cells are those that fuse efficiently, support stable high 
level expression of antibody by the selected antibody-producing cells, and are sensitive to a medium such as 
HAT medium. Among these, preferred myeloma cell lines are murine myeloma lines, such as those derived from 
MOPC-21 and MPC-1 1 mouse tumors available from the Salk Institute Cell Distribution Center, San Diego, 
California USA, and SP-2 cells available from the American Type Culture Collection, Rockville, Maryland USA. 

20 Human myeloma and mouse-human heteromyeloma cell lines also have been described for the production of 
human monoclonal antibodies (Kozbor, (1984) J. Immunol., 133:3001; and Brodeur et al., Monoclonal Antibody 
Production Techniques and Applications , pp.5 1-63, Marcel Dekker, Inc., New York, 1987). See, also, Boerner 
et al., (1991) J. Immunol., 147(l):86-95 and WO 91/17769, published Nov 28, 1991, for techniques for the 
production of human monoclonal antibodies. Culture medium in which hybridoma cells are growing is assayed 

25 for production of monoclonal antibodies directed against the antigen of interest. Preferably, the binding 
specificity of monoclonal antibodies produced by hybridoma cells is determined by irnmunoprecipitation or by 
an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme- linked immunoabsorbent assay (ELISA). 
The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard analysis of 
Munson & Pollard, (1980) Anal. Biochem. 107:220. After hybridoma cells are identified that produce 

30 antibodies of the desired specificity, affinity, and/or activity, the clones may be subcloned by limiting dilution 
procedures and grown by standard methods. Goding, Monoclonal Antibodies: Principles and Practice , pp.59- 104 
(Academic Press, 1986). Suitable culture media for this purpose include, for example, Dulbecco's Modified 
Eagle's Medium or RPMI-1640 medium. In addition, the hybridoma cells may be grown in vivo as ascites 
tumors in an animal. The monoclonal antibodies secreted by the subclones are suitably separated from the 

35 culture medium, ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxy lapatite chromatography, gel electrophoresis, dialysis, or affinity 
chromatography. 

Alternatively, it is now possible to produce transgenic animals {e.g. mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin 
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production. For example, it has been described that the homozygous deletion of the antibody heavy chain joining 
region (J H ) gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody 
production. Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice will 
result in the production of human antibodies upon antigen challenge. See, e.g.. Jakobovits et al. (1993) Proc. 
5 Natl. Acad. Sci. USA 90:2551-255 and Jakobovits et at., (1993) Nature 362:255-258. 

In a further embodiment, antibodies or antibody fragments can be isolated from antibody phage libraries 
generated using the techniques described in McCafferty et al., (1990) Nature, 348:552-554 (1990), using the 
antigen of interest to select for a suitable antibody or antibody fragment. Clackson et al., (1991) Nature, 352:624- 
628 (1991) and Marks et al., (1991) J. Mol. Biol., 22:581-597 describe the isolation of murine and human 
1 0 antibodies, respectively, using phage libraries. Subsequent publications describe the production of high affinity 
(nM range) human antibodies by chain shuffling (Mark et al., (1992) Bio/Techno!. 10:779-783), as well as 
combinatorial infection and in. vivo recombination as a strategy for constructing very large phage libraries 
(Waterhouse et aL, (1993) Nuc. Acids Res., 21:2265-2266). Thus, these techniques are viable alternatives to 
traditional monoclonal antibody hybridoma techniques for isolation of "monoclonal" antibodies (especially 
1 5 human antibodies) which are encompassed by the present invention. 

Methods for humanizing non-human antibodies are well known in the art. Generally, a humanized 
antibody has one or more amino acid residues introduced into it from a source which is non-human. These non- 
human amino acid residues are often referred to as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed following the method of Winter and co-workers 
20 (Jones et al., (1986) Nature 321 :522-525; Riechmann et al., (1988) Nature 332:323-327; Verhoeyen et al., (1986) 
Science 239: 1 534-1 536), by substituting rodent CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (Cabilly, supra), wherein 
substantially less than an intact human variable domain has been substituted by the corresponding sequence from 
a non-human species. In practice, humanized antibodies are typically human antibodies in which some CDR 
25 residues, and possibly some FR residues, are substituted by residues from analogous sites in rodent antibodies. 
It is important that antibodies be humanized with retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a preferred method, humanized antibodies are prepared 
by a process of analysis of the parental sequences and various conceptual humanized products using three 
dimensional models of the parental and humanized sequences. Three dimensional immunoglobulin models are 
30 familiar to those skilled in the art. Computer programs are available which illustrate and display probable three- 
dimensional conformational structures of selected candidate immunoglobulin sequences. Inspection of these 
displays permits analysis of the likely role of the residues in the functioning of the candidate immunoglobulin 
sequence, i.e., the analysis of residues that influence the ability of the candidate immunoglobulin to bind its 
antigen. In this way, FR residues can be selected and combined from the consensus and import sequence so that 
35 the desired antibody characteristic, such as increased affinity for the target antigen(s), is achieved. For further 
details see WO 92/22653, published Dec 23, 1992. 

Immunoglobulins (Ig) and certain variants thereof are known and many have been prepared in 
recombinant cell culture. For the antibodies described above, the use of human IgGj immunoglobulin sequences 
is preferred since this structure contains the CH2 domain of the present invention. For example, see U.S. Patent 
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No. 4,745,055; EP 256,654; Faulkner et al., (1982) Nature 298:286 ; EP 120,694; EP 125,023; Morrison, J. 
Immun. 123:793 (1979); Kohleretal., (1980) Proc. Natl. Acad. Sci. USA 77:2197; Raso et al., (1981) Cancer 
Res. 41 :2073; Morrison et al., (1984) Ann. Rev. Immunol. 2:239; Morrison, (1985) Science 229:1202; Morrison 
et al., (1984) Proc. Natl. Acad. Sci. USA 81:6851; EP 255,694; EP 266,663; and WO 88/03559. 

Preferred antibodies within the scope of the present invention include anti-IL-8 (St John et al., (1993), 
Chest, 103:932 and International Publication No. WO 95/23865); anti-CDl la (Filcher et al., Blood, 77:249-256, 
Steppe et al., (1991), Transplant Intl. 4:3-7, and Hourmant et al., (1994), Transplantation 58:377-380); anti-IgE 
(Presta et al.', (1993), J. Immunol. 151:2623-2632, and International Publication No. WO 95/19181); anti-HER2 
(Carter et al., (1992), Proc. Natl. Acad. Sci. USA, 89:4285-4289, and International Publication No. WO 
92/20798); anti-VEGF (Jin Kim et al., (1992) Growth Factors, 7:53-64, and International Publication No. WO 
96/30046); and anti-CD20 (Maloney et al., (1994) Blood, 84:2457-2466, Liu et al., (1987) J. Immunol.. 

130:3521-3526). 

f jil Immuno^ hpsin preparation 

Chimeras constructed from an adhesin binding domain sequence linked to an appropriate 
immunoglobulin constant domain sequence (immunoadhesins) are known in the art Immunoadhesins reported 
in the literature include fusions of CD4 (Capon et al., (1989) Nature 337:525-531; Traunecker et al., (1989) 
Nature 339:68-70; Zettmeissl et al.,(1990) DNA Cell Biol. USA 9:347-353; and Bym et al.,(1990) Nature 
344:667-670); L-selectin (homing receptor) (Watson et al., (1990) J. Cell. Biol. 1 10:2221-2229; and Watson et 
al., (1991)Nature 349:164-167); CD44 (Aruffo et al., (1990) Cell 61:1303-1313); CD28 and B7 (Linsley et al., 
(1991) J. Exp. Med. 173:721-730); CTLA-4 (Lisley et al., (1991) J. Exp. Med. 174:561-569); CD22 
(Stamenkovic et al., (1991) Cell 66: 1 133-1 144); TNF receptor (Ashkenazi et al.,(1991) Proc. Natl. Acad. Sci. 
USA 88:10535-10539; Lesslauer et al., (1991) Eur. J. Immunol. 27:2883-2886; and Peppel et al., (1991) J. Exp. 
Med. 174:1483-1489); and IgE receptor a (Ridgway and Gorman, (1991) J. Cell. Biol. 115: Abstract No. 1448). 

Typically, in such fusions the encoded chimeric polypeptide will retain at least functionally active hinge, 
CH2 and CH3 domains of the constant region of an immunoglobulin heavy chain. Fusions are also made to the 
C-terminus of the Fc portion of a constant domain, or immediately N-terminal to the CHI of the heavy chain or 
the corresponding region of the light chain. The precise site at which the fusion is made is not critical; particular 
sites are well known and may be selected in order to optimize the biological activity, secretion, or binding 
characteristics of the la. 

In a preferred embodiment, the adhesin sequence is fused to the N-terminus of the Fc domain of 
immunoglobulin G , (IgG ,)• It is possible to fuse the entire heavy chain constant region to the adhesin sequence. 
However, more preferably, a sequence beginning in the hinge region just upstream of the papain cleavage site 
which defines IgG Fc chemically (i.e. residue 216, taking the first residue of heavy chain constant region to be 
1 14), or analogous sites of other immunoglobulins is used in the fusion. In a particularly preferred embodiment, 
the adhesin amino acid sequence is fused to (a) the hinge region and CH2 and CH3 or (b) the CH 1 , hinge, CH2 
and CH3 domains, of an IgG , heavy chain. The precise site at which the fusion is made is not critical, and the 
optimal site can be determined by routine experimentation. 

Forbispecific immunoadhesins, the immunoadhesins are assembled as multimers, and particularly as 
heterodimers or heterotetramers. Generally, these assembled immunoglobulins will have known unit structures. 
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A basic four chain structura. unit is the fen. , which I g G. IgD, and IgE ex.3, A four chain unit is repeated in 
I higher mo.ecu.ar weight immunog.obu.ins; IgM genera,, exists as a pentamer of four as.c un.ts he.d 
tog ether bv dtsu.fide bonds. ,gA g-obu.in, and occasion,, IgG g.obu.in, may also exist in mulumenc form ,n 
serum In the case of multimer, each of the four units may be the same or d.fferent. 

5 

below: 

(a) AC H -[AC H , AC L -AC H , AC L -V H C H , or V L C L -AC H 1; 

(b) AC L -AC H -tAC L -AC H , AC L -V H C H , V L C L -AC H , or V L C L -V H C H 1; 

(c) AC L -V H C H -[AC H , or AC L -V H C H , or V L C L -AC H ]; 
10 (d) V L C L -AC H -[AC L -V H C H , or V L C L -AC H 1; and 

(e) [A-Y] n -[V L C L -V H C H ] 2 , 
wherein each A represents identical or different adhesin amino acid sequences; 
V L is an immunoglobulin light chain variable domain; 
V H is an immunoglobulin heavy chain variable domain; 
! 5 C L is an immunoglobulin light chain constant domain; 

C u is an immunoglobulin heavy chain constant domain; 
n is an integer greater than 1; 

Y designates the residue of a covalent cross-linking agent. 

m the interests of brevity, the foregoing structures on, show key features; they do not indicate jouung 
20 nwomerdomamsofmeimmunog^^ 

„Ud for binding activity, they shaU be constructed to be present in the ordinary locations wh.ch they occupy 

in the immunoglobulin molecules. 

Alternatively, the adhesin sequences can be inserted between immunoglobulin heavy cham and hght 
chain sequences, such that an immunoglobulin comprismg a chimenc heavy chain is obtained. In *. 
25 embcK^theadhesmse^ 

constru C tshave b eenreportedbyHoogenboom,e,aL,(1991)Mo..lmmunol.28:1027-1037). 

Although the presence of an immunoglobulin light chain is not required in the immunoadhesms of the 
present invention, an immunog.obul* light Cam might be present either cova.ent.y associated to an adhesm- 
30 mmunog.obu.in heavy cha, fus.on po, P e P tide. or direct, fused to the adhesin. In the 

encoding an immunog.obu.in .ight chain is typicaUy coexpressed with the DNA encodtng the adhe , - 
i^unog.obu.in heavy chain fusion protein. Upon secretion, the hybrid heavy cham and the hght c a,n w* be 
covalent, associated to provide an immunog.obu.in-.ike structure comprising two d,su, fi de-hn.ced 
immunog.obu.tn heavy chain-.ight chain pairs. Methods suhab.e for the preparation of such structures are, for 
35 example, disclosed in U.S. Patent No. 4,8 16,567, issued 28 March 1989. 

m^unoadhesins are most convenient, constructed by fusing the cDNA sequence encodmg the adhestn 
portion in-frame to an lg cDNA sequence. However, fusion to genomic Ig fragments can also be used (see, e.g^ 
Aruffoeta. ( ,990)Cel.61:.303-.3.3;andSumenkoviceta..,(1991)Ce.l66:..33-1.44). The latter type of 
fusion requires the presence of Ig regu.atory sequences for expression. cDNAs encoding IgG heavy-cha.n 
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constant regions can be isolated based on published sequences from cDNA libraries derived from spleen or 
peripheral blood lymphocytes, by hybridization or by polymerase chain reaction (PCR) techniques. The cDNAs 
encoding the "adhesin" and the Ig parts of the immunoadhesin are inserted in tandem into a plasmid vector that 
directs efficient expression in the chosen host cells. 

5 In a preferred embodiment, the immunoglobulin sequences used in the construction of the glycoproteins 

such as the antibodies and immunoadhesins of the present invention are from an IgG immunoglobulin heavy 
chain CH2 constant domain. For example, the use of human IgG { immunoglobulin sequences is preferred 
because this structure contains the preferred CH2 domain of the present invention. A major advantage of using 
IgG j is that IgGl can be purified efficiently on immobilized protein A. In contrast, purification of IgG 3 requires 

10 protein G, a significantly less versatile medium. However, other structural and functional properties of 
immunoglobulins should be considered when choosing the Ig CH2 domain for a particular glycoprotein. For 
example, the IgG3 hinge is longer and more flexible, so it can accommodate larger "adhesin" domains that may 
not fold or function properly when fused to IgG j . Another consideration may be valency; IgG immunoadhesins 
are bivalent hornodimers, whereas Ig subtypes like IgA and IgM may give rise to dimeric or pentameric 

1 5 structures, respectively, of the basic Ig homodimer unit. For antibodies and immunoadhesins designed for in vivo 
application, the pharmacokinetic properties and the effector functions specified by the Fc region are important 
as well. Although IgGj, IgGj and IgG 4 all have ]n vivo half-lives of 21 days, their relative potencies at 
activating the complement system are different. IgG 4 does not activate complement, and IgG 2 is significantly 
weaker at complement activation than IgGj. Moreover, unlike IgGj , IgG^ does not bind to Fc receptors on 

20 mononuclear cells or neutrophils, this may be due to the differences in CH2 domains utilized in these isotypes. 
While IgG 3 is optimal for complement activation, its in vivo half-life is approximately one third of the other IgG 
isotypes. Another important consideration for immunoadhesins designed to be used as human therapeutics is 
the number of allotypic variants of the particular isotype. In general, IgG isotypes with fewer serologically- 
defmed allotypes are preferred. For example, IgG] has only four serologically-defined allotypic sites, two of 

25 which (G 1m and 2) are located in the Fc region; and one of these sites, Glm 1, is non-immunogenic. In contrast, 
there are 12 serologically-defined allotypes in lgG3, all of which are in the Fc region; only three of these sites 
(G3m5, 1 1 and 21) have one allotype which is nonimmunogenic. Thus, the potential immunogenicity of a y3 
immunoadhesin is greater than that of a 7 1 immunoadhesin. Preferred among the immunoadhesins are those 
comprising at least the IgG I CH2 domain as described herein above. 

30 Preparing the Glycoprotein 

DNA encoding the glycoproteins of the invention is readily isolated and sequenced using conventional 
procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding the 
heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a preferred source 
of such DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfected into 

35 host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise 
produce immunoglobulin protein, to obtain the synthesis of the glycoprotein, for example monoclonal antibodies, 
in the recombinant host cells. 

Various techniques for making and isolating antibody and immunoadhesins and the like directly from 
recombinant cell culture have also been described. In particular, the cells which express the desired glycoprotein 
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should express or be manipulated to express the particular enzymes such that under the appropriate conditions, 
the appropriate post-translational modification occurs in vivo . The enzymes include those enzymes necessary 
for the addition and completion of N- and O- linked carbohydrates such as those described in Hubbard and Ivan 
supra for N-linked oligosaccharides. The enzymes optionally include oligosaccharyltransferase, alpha- 
5 glucosidase 1, alpha-glucosidase II, ER alpha(l,2)mannosidase, Golgi alpha-mannosidase I, N- 
acetylyglucosaminyltransferase I, Golgi alpha-mannosidase II, N-acetylyglucosaminyltransferase II, 
alpha(l,6)fucosyltransferase, and P(l,4)galactosyltransferase. 

Typically, the cells are capable of expressing and secreting large quantities of a particular glycoprotein 
of interest into the culture medium. Examples of suitable mammalian host cells within the context of the present 

10 invention may include Chinese hamster ovary cellsZ-DHFR (CHO, Urlaub and Chasin, Proc. Natl, Acad. Sci. 
USA, 77:4216 [1980]); dpl2.CHO cells (EP 307,247 published 15 March 1989); monkey kidney CV1 line 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned 
for growth in suspension culture, Graham et ai, J. Gen Virol., 36:59 [1977]); baby hamster kidney cells (BHK, 
ATCC CCL 10); mouse Sertoli cells (TM4, Mather, Biol. Reprod., 23:243-251 [1980]); monkey kidney cells 

15 (CVI ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL- 1587); human cervical 
carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells 
(BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); 
mouse mammary tumor (MMT 060562, ATCC CCL51); TRJ cells (Mather et a!., Annals N.Y. Acad. Sci., 
383:44-68 [1982]); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2). 

20 Preferred host cells include Chinese hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. 

Acad. Sci. USA, 77:4216 [1980]); dpI2.CHO cells (EP 307,247 published 15 March 1989). 

For the culture of the mammalian cells expressing the desired protein and capable of adding the desired 
carbohydrates at specific positions, numerous culture conditions can be used paying particular attention to the 
host cell being cultured. Suitable culture conditions for mammalian cells are well known in the art (J. Immunol. 

25 Methods (1983)56:221-234) or can be easily determined by the skilled artisan (see, for example, Animal Cell 
Culture: A Practical Approach 2nd Ed., Rickwood, D. and Hames, B.D., eds. Oxford University Press, New York 
(1992)), and vary according to the particular host cell selected. 

The glycoprotein of interest preferably is recovered from the culture medium as a secreted polypeptide, 
although it also may be recovered from host cell lysates. 

30 As a first step, the culture medium or lysate is centrifuged to remove particulate cell debris. The 

polypeptide thereafter is purified from contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures: by fractionation on immunoaffinity or ion- 
exchange columns; ethanot precipitation; reverse phase HPLC; chromatography on silica or on a cation-exchange 
resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration using, for 

35 example, Sephadex G-75; and protein A Sepharose columns to remove contaminants such as IgG. A protease 
inhibitor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit proteolytic degradation 
during purification. One skilled in the art will appreciate that purification methods suitable for the polypeptide 
of interest may require modification to account for changes in the character of the polypeptide upon expression 
in recombinant cell culture. 
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Especially preferred within the context of the present invention are purification techniques and processes 
which select for the carbohydrates of the invention. 
Preparation of G2 Glvcoforms 

The attachment of a galactose residue to an existing glycan involves the transfer of a galactose moiety 
5 from an activated galactose containing compound to the glycosyl moiety of the CH2 domain. The transfer of 
galactose is catalyzed by a galactosy [transferase enzyme. 

While the skilled artisan will recognize that any of several an standard procedures can be employed for 
the addition of a sugar to a preexisting oligosaccharide chain, the invention preferably utilizes those procedures 
that result in complete galactosy lation of the sample as described herein. By complete galactosylation of the 
1 0 sample is meant that each antennary structure of the native biantennary oligosaccharide terminates in a galactose 
residue. More particularly the reaction is complete if substantially all N-linked oligosaccharides are of the G2 
variety. 

According to the present invention a method for producing the compositions of the invention comprising 
the steps of reacting in an aqueous buffered solution at a temperature of about 25-40 C; 
15 a) a metal salt at a concentration of about 5 mM to about 25 mM; 

b) an activated galactose at a concentration of about 5 mM to about 50 mM; 

c) a galactosy ltransferase at a concentration of about 1 m Unit/ml to about 100 mUn it/ml; and 

d) a substrate glycoprotein; and 
recovering the glycoprotein. 

20 As used herein the term galactose (gal) and galactose residue and the like refer to D and L (+/-) 

galactose. Preferably the gal is D-(+)-galactose which has been reported as a naturally occurring gal in various 
animal species. 

The activated galactose containing compound is generally a uridine diphosphate (UDP)-galactose. 
Uridine diphosphate-galactose and other donor sugars, which are capable of transferring galactose to N-linked 
25 oligosaccharides. 

Metal salts include for example, MnCl2, BaC12, CaC12, and others. 

The galactosyl transferase used in accordance with the present invention is preferably a (3 1 -4 transferase 
and catalyzes the transfer of a galactose moiety from the activated substrate to the glycosyl compound. The 
galactosy ltransferase enzymes are substrate specific and are named according to their substrate specificity. The 

30 galactosy ltransferase designated beta 1-4 refers to a galactosyl transferase that catalyzes the transfer of galactose 
to the hydroxyl group of a glycosyl acceptor compound. Exemplary galactosyltransferases useful within the 
context of the present invention are from human, bovine, mouse, hamster, or, monkey origin. 

Galactosyltransferases are commercially available (Sigma Chemical Co., St. Louis, Mo.; Boehringer 
Mannheim, Indianapolis, Ind. and Genzyme, Cambridge MA). Alternatively galactosyl transferases are isolated 

35 and purified from animal tissue such as bovine (Boeggeman et al., (1993) Prot. Eng. 6(7):779-785;human 
Schweinteck(1994) Gene 145(2):299-303; Kleene etaL, (1994) Biochem. Biophys. Res. Commun. 201(1):160- 
167; Chatterjee et al., (1995) Int. J. Biochem Cell. Biol. 27(3):329-336; Herrmann et al., (1995) Protein. Expr. 
Purif. 6(l):72-78). 
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The concentration and amount of the various reactants described above depend upon a number of 
factors including reaction conditions such as temperature and pH and the amount of glycoprotein to be 
galactosylated. While the present method is thought to be generally applicable to all glycoproteins preferred 
glycoproteins for use in the present method are glycoproteins comprising at least the CH2 domain of 
5 immunoglobulins as described above. 

The galactosyltransferase is used in a catalytic amount. By catalytic amount is meant an amount of 
galactosyltransferase at least sufficient to catalyze in a non-rate-limiting manner the conversion of the enzyme's 
substrate to product The catalytic amount of a particular enzyme varies according to the amount of a particular 
enzyme substrate as well as reaction conditions such as temperature, time and pH value. Enzyme amounts are 
10 generally expressed in activity units. One unit catalyzes the formation of 1 umol of product at a given 
temperature (typically 37° C) and pH value (typically 7.5) per minute. Thus 10 units of an enzyme is the 
catalytic amount of that enzyme such that 10 umol of substrate are converted to 10 umols of product in one 
minute at a temperature of 37° C and a pH of 6.5 to 7.5. 

The reaction comprises mixing at least the above ingredients in a suitable aqueous environment to form 
1 5 a reaction mixture and maintaining the reaction mixture under the conditions of temperature, pH, osmolality, 
ionic composition and ambient temperature for a period of time sufficient to complete the reaction. 

The selection of particular conditions depends primarily upon the amount of glycoprotein present. The 
temperature can range from about 20 C to about 40 C. Preferably the temperature ranges from about 25 to about 
40 C. The pH value can range from about 6.0 to about 1 1.0 preferably the pH value is from about 6.5 to about 
20 8.5 and more preferably about 7.5. The pH is maintained by the addition of a suitable buffer to the reaction. The 
buffer is devoid of phosphate, EDTA, EGTA and other chelators that bind Mg++ or Mn-H-. The selection of 
buffer is based upon the ability of the buffer to maintain the pH at about the desired pH level. Where the pH 
value is 7.5 the preferred buffers are sodium cacodylate and MES. 

In an exemplary method, the glycoprotein samples (e.g. C2B8, anti-HER2, anti-VEGF, anti-IgE and 
25 TNFR-lgG) at 10 mg in 0.5 ml, are buffer exchanged into 50 mM sodium cacodylate buffer, pH 7. 1 (final vol. 
1 .0 ml). 50 pi each of 1 00 mM UDP-Gal and 1 00 mM MnCl 2 are added to the glycoprotein solution. The P 1 ,4- 
galactosyltransferase (pl,4GT; lyophilized powder) is reconstituted in 50 mM sodium cacodylate buffer, pH 7.1 , 
at a concentration of 1 mU/ml. 50 ^1 of this solution is added to the reaction mixture and incubated at 37^C for 
48 nr. The reaction is stopped by cooling the reaction vial on ice (4°C) for 10 min and the galactosylated 
30 antibody is purified on a protein A column. 
Preparation of G-2 Glvcoforms 

The removal of a galactose and an N-acetylglucosamine residue from an existing glycan can be 
accomplished by methods known to those skilled in the art and involves the use of appropriate enzymes for the 
removal of the particular residue. Removal of galactose residues is accomplished using galactosidases that 
35 recognize the terminal galactose as substrate. Appropriate galactosidases are known to those skilled in the art 
and include p-D-galctosidases form Diplococcus pneumoniae, jack bean, bovine testis, anc chicken liver. 

Likewise, removal of terminal N-acetylgiucosamine structures can be accomplished using appropriate 
N-acetylglucosaminidases available to the skilled artisan. Appropriate enzymes for the removal of N- 



-21- 



PCT/US98/21925 

WO 99/22764 

f 1 1 a preexisting oligosaccharide chain, the invention preferably uti.izes a procedures 
the removal of a sugar from a preexisting s N . a cetylglucosamine. 
u ■ ,™™i e te deealactosvlation of the sample as well as complete removal ot N aceiy h 
i that results in complete degalactosy.a biantennary 

i of thp onrole is meant that each antennary structure 01 urc 
By complete degalactosylation of the sample me ^ 

■ in nn N-acetvlehicosamine residue following me remuva P 

following treatment. procedure. For example, 

An « e molarv procedure employs two appropnate enzymes m a smgiesiepp 

An exemplary procc f buffer-exchanged into 100 mM 

• :.,„ o rH? rinmain such as an antibody (5-10 mg) is ouner cai.» 6 

u -a .n^ivTPd bv conventional techniques of carbohydrate analysis such 
oligosaccharide are analyzed oy canvcmiun n u1rtt+lT>CT well-known in the 

art, reveal proportions of terminal mannose or other sugars such as galactose 

The carbohydrate structures of the present invention occur on the protem expresse 
, , " L several .nethods are known in the art for glycosylate ana.ysis and are useful in the 
lmked oligosaccharides, beverai meu. composition 
♦ t ,he nresent invention. Such methods provide information regarding the identity ana 

tatad. b», « not Itafttd » koh — S™^ HPAEC-PAD, wh.ch «. « P 

- — — " ^ "* "~ * 

Additionally methods for releasing ohgosaccharides are known, lhesem 

to release both N-and O-linked oligosaccharides 
Analysis can be performed using the following steps: 
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, Dialysis of the sample agamst deionized water, to remove all buffer salts, followed by 

lyophilization. 

2 Release of intact oligosaccharide chains with anhydrous hydrazine. 

3 '. Treatment of the intact oligosaccharide chains with anhydrous methanol HC1 to liberate 

5 individual monosaccharides as O-methyl derivative. 

4. N-acety lation of any primary amino groups. 

5 Derealization to give per-O-trimethylsilyl methyl glycosides. 

6 . Separation of these derivative, by capillary GLC (gas -liquid chromatography) on a CP-S1L8 

10 C ° 1Umn ' 7. Identification of individual glycoside derivatives by retention time from the GLC and mass 
spectroscopy, compared to known standards. 

8 . Quantitation of individual derivatives by FID w.tn an 

( 1 3-O-methyl-D-glucose). 

Neutral and amino-sugars can be determined by high performance anion-exchange chromatography 

15 combmedwithpulsedamperometricde^ 

s^canbereleasedby hydrolysis in 2 0 % (Wv) trifluoroacetic acid at lOOCforo, Hydrops are then 
did by .yophilization or with a Speed-Vac (Savant Instruments). Residues are then dissolved ,n 1 /. sodtum 

a^trihyd^esolu^ 

195-269-280(1991). 

20 ' Sialic acid can be determined separately by the direct co.orimemc method of Yao et al. (Ana. B.ochem. 
179:332-335 (1989)) in triplicate samples. In apreferred embodiment the thiobarbaturic acid (TEA) of Warren, 
L.J.BiolChem238:(8)(1959)isused. 

Alternatively, immunob.ot carbohydrate analysis may be performed. Accord** to th.s procedure 
protein-bound carbohydrates are detected using a commercial glycan detection system (Boehringer) wh.ch „ 
25 Led on the oxidative immunoblot procedure described by Hase.beck and Hosel [Hase bee - al 
G.ycoconjugate J., 7:63 (1990)]. The staining protocol recommended by the manufacturer ,s followed excep 
J t the protem is transferred to a poly^y.idene difluoride membrane instead of nitrocel.u.ose membrane and 
<he blocking buffers contained 5% bovine serum a.bumin in 10 mM tris buffer, pH 7.4 with 0.9»/ o sod.um 
chloride Detection is made with anti-digoxigenm antibodies linked with an alkaline phosphate conjugate 
30 (Boehringer), 1:1000 dilution in tris buffered saline using the phosphatase substrates, 4-nitrob,ue Ktrazohum 
chloride 0 03o/ o (w,v) and 5-b,omo-4 chloro-3-indoy.-phosphate 0.03% (w/v) in 100 mM tns buffer, P H 9.5, 
containing 100 mM sodium ch.oride and 50 mM magnesium chloride. The protein bands contam.ng 
carbohydrate are usually visualized in about 10 to 15 min. 

The carbohydrate may also be analyzed by digestion with peptide-N-glycosidase F. Accordmg to th.s 
35 procedure the residue is suspended in .4 1 of a buffer containing 0. 1 8% SDS, 1 8 mM beta-mercaptoethanol, 90 
mM phosphate, 3.6 mM EDTA, at P H 8.6, and heated at 100 EC for 3 mm. After cooling to room temperature 
the sample is divided into two equal parts. One aliquot is not treated fitrther and serves as a control. The second 
fraction is adjusted to about l«/.NP-40 detergent followed by 0.2 units of peptide-N-g.ycosidase F (Boehnnger). 
Both samples are warmed at 37° C for 2 hr and then analyzed by SDS-po.yacrylamide gel c.ectrophores.s. 
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TTL descHbed in fo- =*»P'« « ('»" Biochem. 30:1370-13»: Sheel.y « 

TTL. are ^ » ft. « (Can. e, »!.. (1954) Cytotechn.W I52H* « "~ <'«> 
glycoproteins are known •utiomIO. Typically the structural 

. foiled by iM- -** As win be .1^ »y « — - •— *■»- 

" I U — * " — <*'* - """""""" 77 crc 

7 IpG for Clo the to. component of th. complement cascade «* »»" » *= C1C 

rr ^ — -** - - — - — — — 7: i: 

domains, mci ,^,„, nn c an toro et al (1997) J. Immunol. Methods 

I c described for anti CD-20 antibodies are appropnate (Gazzano-Santoro et al., ^ ) 

^ Hi). Assays for antigen-mediated a gg re g atio n of ^ and I 6 C3 init.ates complemen 
•vl bLg of HP to the high afftnity Pc receptors on monocytes which can stimulate those ce, s 

t he jl* • « *. * > — » * - — > «** * - 

recovered glycoprotein as well, 
on Thmnrutr rnmpositio ng anH Methods 

^^J^,o te ofIU« »-»n - .heroic « » — »' «" 

The monoclonal MM, C2B8 (--CD20) is provided as ,n example of . — - — » 
develoDed for cancer treatment as noted above. ^ , # , 

* Thermic f— s «f » MM, - -»M fo, sto-.e by mixin g the MM, M, » 

a.slr.ddesreeofpirtywith.p^.ph^^^ 

™I.tl* Lee,, !«, Editio, Oso,.. A. Ed., ,,930),, in * form of lyophilized c.Ke o, 

Pb— ican, acceptable c^rs, ^ or M*« - no,,»ie „ « *= 

glycine, MM. arsntine ., lysine; _-MMM -M-* M oftc 

acics sucn ai B iy alcohols such as 

carbohydrates inciuding glucose, mannose, or dextrms; che.atmg agents such as EDTA g 
.nannito. or sorbitol salt-forming counters such as sodium: and/or noniomc surfactants such as Tween , 

^ Pluronics™, or polyethylene glycol (PEG). 

A antibody to be used for in ^ adminisrration must be sterile. This is readi.y accomphshed by 
fiUration through steri.e fi.trat.on membranes, prior to or following lyophilization and reconstirunon. The 
formulation ordinarily will be stored in lyophilized form or in solution. 
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Therapeutic antibody compositions generally are placed into a container having a sterile access port, 
for example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle. 

The route of administration is in accord with known methods, e.g., injection or infusion by intravenous, 
intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial, or intralesional routes, or by sustained- 

5 release systems as noted below. The antibody is administered continuously by infusion or by bolus injection. 

A cancer patient to be treated with an antibody as an antagonist as disclosed herein may also receive 
radiation therapy. Alternatively, or in addition, a chemotherapeutic agent may be administered to the patient. 
Preparation and dosing schedules for such chemotherapeutic agents may be used according to manufacturers' 
instructions or as determined empirically by the skilled practitioner. Preparation and dosing schedules for such 

1 0 chemotherapy are also described in Chemotherapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD 
(1992). The chemotherapeutic agent may precede, or follow administration of the antagonist or may be given 
simultaneously therewith. For cancer indications, it may be desirable to also administer antibodies against rumor 
associated antigens or against angiogenic factors, such as antibodies which bind to HER2 or vascular endothelial 
factor (VEGF). Alternatively, or in addition, one or more cytokines may be co-administered to the patient. 

15 An effective amount of antibody to be employed therapeutically will depend, for example, upon the 

therapeutic objectives, the route of administration, and the condition of the patient. Accordingly, it will be 
necessary for the therapist to titer the dosage and modify the route of administration as required to obtain the 
maximum therapeutic effect. A typical dosage might range from about 1 ug/kg to up to 100 mg/kg of patient 
body weight, preferably about 10 ug/kg to 10 mg/kg. Typically, the clinician will administer antagonist until 

20 a dosage is reached that achieves the desired effect for treatment of the above mentioned disorders. For C2B8 
reference is made to International Publication No. WO 94/1 1026 and EP B 669836, the disclosures of which are 
specifically incorporated herein by reference. 

Routes of administration for the individual or combined therapeutic compositions of the present 
invention include standard routes, such as, for example, intravenous infusion or bolus injection. 

25 The invention further provides an article of manufacture and kit containing materials useful for the 

treatment of cancer, for example. The article of manufacture comprises a container with a label. Suitable 
containers include, for example, bottles, vials, and test tubes. The containers may be formed from a variety of 
materials such as glass or plastic. The container holds a composition comprising the glycoprotein preparations 
described herein. The active agent in the composition is the particular glycoprotein such as C2B8. The label 

30 on the container indicates that the composition is used for the treatment or prevention of a particular disease or 
disorder, and may also indicate directions for in vivo , such as those described above. 

The kit of the invention comprises the container described above and a second container comprising 
a buffer. Jt may further include other materials desirable from a commercial and user standpoint, including other 
buffers, diluents, filters, needles, syringes, and package inserts with instructions for use. 

35 The following examples are offered by way of illustration and not by way of limitation. The disclosures 

of all citations in the specification are expressly incorporated herein by reference. 
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EXAMPLES 
EXAMPLE I 

lESe ^ bsta „ t i al . y oogenous g.ycoprotein preparations are prepared with reference to the fo.low.g 

i Examples 

m. «-* — -cm — r <W«W) - ^ - P «ir™« 

*.T,Uu « .1 09«7, 1. Immunol. .39352,; Mal.n.y I, <>«> Blood Omer >gO 

1 - HER2 LflO"^ Car*, « (.9,2, Proc. «l. Ac-. Sci. USA .9:4285).™, 

«.,C „um.« ,ac,.rrec.p»,,gG i Ashkenazi «.!, <""> "~ ^ * US * ^ 

ZL J. -roe, were from Boehringer r— ™ S *» 

Mo) respectively. UDP-G.l was obramed - Boeder M-eim <M-*h *>• 

ZTuL . ft. O.BCO-BK1. ,0- KV, M »*. — - ^<™*«™ 

Laboratories (j^gan UT). Bwme serum albumin (BSA) and Trypan blue were purchased from Sigma Chemical 

tse^L — .ere from P— (Sweden, Sodium cy— ydHd. . le^ydrorura. 

20 was from Aldrich Chemical Co. 

IDEC " C TeC-C2B8 was formated a, 10 mg/ml in 25 mM sodium citrate, 150 mM sodium ch.oride, and 0.07 

mg/mL Polysorbate 80 at pH 6.5. 

EXAMPLE II 

25 Enzyme diction procedure: IgG samp.es (5-10 mg) were buffer-exchanged into 100 mM citrate-phosphate 
IZ pH 5 0. us,g NAP-5 co, U mns (Pharmacia). P -Ga,actosidase (40 mU/mg protein, D+~c~ 
L Boenringer Mannheim) and N-acety.-P-D-g—dase (40 mU/mg prote m, n^cus 

and incubated at 3TC for .2-24 hrs. Tfce IgG samp.es were purified on a Protetn A column. The: purged 

30 Iwassubjecte.toe^^^ 

ana.ysis The bioactivity was examined by CDC bioassay, binding assay and Clq binding s 

Figure . A, Figure IB and Figure ,C depict o.igosaccharide ana.ysis of an anti-CD20 mono.ona 
antibody C2B8 by capi.iary electrophoresis with .aser-induced fluorescence detection. In Figure 1 A 
oduced in 400L batch-fed cuiture produced at .east three glycoforms of C2B8. Figure . B depicts the same 
35 Sspreparationtreatedwimga.actosid^ 

and N-acetylglucosaminosidase A single G-2 glycoform preparation was obtained. 

EXAMPLE III 

do binding was assessed using the method of Reff et a.., (.994) B.ood 83:435-45. Briefly, 50ul of 
win ce,, were mixed with various amounts of C2B8 to which various amounts of C. q were added. The ce..s 
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were washed with buffer several times and the amount of Clq bound was measured using florescently labeled 
anti-Clq antibody. 

Figure 2 depicts the binding of C2B8 to Clq. Both G2 and G-2 preparations bound Clq to a greater 
extent than control samples exhibiting heterogeneous glycoforms. 

5 Complement dependent cytotoxicity : The CDC bioassay of C2B8 samples was performed using RHBP 

(RPMI-1640 supplemented with 0.1% BSA, 20 mM HEPES (pH 7.2-7.4), 100 IU/mi penicillin and 100 ^g/ml 
streptomycin. For the assay, 50 /il of 10 6 cells/ml cell suspension, 50 *d of various concentrations of C2B8 and 
50 ml of a 1/5 rabbit complement or human complement dilution were added to flat-bottomed 96-well tissue 
culture plates and incubated for 2 h at 37°C and 5% C0 2 to facilitate complement-mediated cell lysis. Fifty 

1 0 microliters of Alamar blue (undiluted, proprietary formulation of Accumed International) was then added and 
the incubation continued for another 5 h. The plates were allowed to cool to room temperature for 10 min on 
a shaker and the fluorescence was read using a 96-well fluorometer with excitation at 530 nm and emission at 
590 nm. Results are expressed in relative fluorescence units (RFU). RFU were plotted against C2B8 
concentrations using a 4-parameter curve-fitting program (kaleidaGraph) and the sample concentrations were 

15 computed from the standard curve. All C2B8 concentrations shown throughout this report refer to final 
concentrations in the wells before the addition of Alamar blue (Gazzano-Santoro (1997) J. Immunol. Meth. 
202:163-171). 

Figure 3 depicts the bioactivity of the G2 and G-2 glycoform preparation compared with the 

heterogenous composition for C2B8 in a rabbit complement lysis assay. 
20 Example IV 

GALACTOSYLATION WITH GALACTOSYL/TRANSFERASE: 

The antibody samples (IDEC-C2B8, anti-HER2, anti-VEGF, anti-IgE and TNFR-IgG), 10 mg in 0.5 

ml, were buffer exchanged into 50 mM sodium cacodylate buffer, pH 7.1 (final vol. 1.0 ml). 50 v\ each of 100 

mM UDP-Gal and 1 00 mM MnCI 2 were added to the antibody solution. The P 1 ,4-galactosy Itransferase (b 1 ,4GT; 
25 lyophilized powder) was reconstituted in 50 mM sodium cacodylate buffer pH 7.1 at a concentration of 1 mU/ml. 

50 fx\ of this solution was added to the reaction mixture and incubated at 37°C for 48 hr. The reaction was 

stopped by cooling the reaction vial on ice (4°C) for 10 min. The galactosylated antibody was purified on 

protein A column. 

Example V 

30 PURIFICATION OF GALACTOSYLATED ANTIBODY ON PROTEIN-A COLUMN: 

The reaction mixture containing galactosylated antibody was applied to a Protein A-Sepharose column 
(5 ml). The column was washed with at least 5 column volumes of phosphate buffered saline (pH 7.0) and the 
bound antibody was eluted with 100 mM citric acid, pH 3.0, which was immediately adjusted to pH 6.5 by 
adding 500 mM Tris-HCl buffer pH 8.0. 

35 Analysis of the N-linked oligosaccharides 

Release and Labeling of N-linked oligosaccharides 

Protein samples (500-1000 ^g) were buffer exchanged into 20 mM sodium phosphate buffer containing 
50 mM EDTA and 0.02% (w/v) sodium azide, pH 7.5, using NAP-5 columns (Pharmacia). Five to ten units of 
recombinant peptide-N-glycosidase F (Oxford Glycosystems/Boehringer Mannheim) was added to the samples 
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in » rpnmfueal vacuum evaporator and laoeiea oy » 
oligosaccharides was dried in a centntuga.va w ace tic acid and 5 mL ofl M sodium 

solutio „ of 9-aminopyrene-. ,4,6-rrisu.onate (APIS. Beckmann) in , A a • 

5 ^oborohydrideinte^^ ' 
(0.5 ml) and analyzed by capillary electrophoresis (CE). 

Example VI 

IS mission tel.*** »» >• 520 * 10 " m 

figure h/\ *uw 6 i„ Fionre 4A C2B8 produced in 400L 

bycap i,,^,e^ 

ba tch-fed culture produced at least three g.ycofonns of C2B8. Figure 4B 
20 treated wim 0.-4 galactosy^^ 

^igureSdepic.ana.ysisofananti-VEGFmonoc^ 

, • VEgIf produced in CHO ce.l culture produced at least three g.ycofonns forming a heterogenous 

5 anti-VEGF produced in lMncf( , ra , e according the present invention 
composition. The same anti-VEGF treated with P-.-4 galactosyltransferase accordmg 

produced a single G2 glycoform. ti hodv bv capillary electrophoresis. In Figure 

Fieure 6 depicts analysis of an anti-IgE monoclonal ant.body by capillary 

Figure 6 dep y ^ ^ a heterogenous 

6 anti-IgE produced in CHO cell culture pro „ a i act0S yltr a nsfera S e 
oligosaccharide population. The same anti-IgE CHO cel. compose treated with 01-4 g 
according the present invention produced a single G2 glycoform. 

Figur 7 depicts ana.ysis of an anti-HERS monoclonal antibody by capi.lary e.ectro P hores.s. In Fig 
, f H^To educed in CHO cel. culture produced at .east three g.ycoforms forming a heterogenous 

7 anti-HER2 produced in i-nu v „„ tP(i with 0-1-4 galactosyltransferase 
oligosaccharide population. The same anti-HER2 CHO compos.t.on treated with 0 1 4 g 

according the present invention produced a single G2 glycoform. 

Example V 

s „ DOI)E cVLSm.FATE POLYACRYLAM1DE GEL ELECTROPHORESIS (SDS-PAGE) 

were loaded onto Integrated Separation Systems (ISS) MiniPlus Seprageis, 



25 



30 



35 
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Electrophoresis was performed using the ISS Mini 2 gel apparatus at 30 mA per gel for 60 minutes. Novex 
Markl2 molecular weight standards were used in the silver stained gels whereas Amersham Rainbow molecular 
weight standards were used in the gels prepared for immunoblotting. 
Silver Stain 

SDS PAGE geis were incubated overnight in a fixing solution (40% ethanol. 10% acetic acid), washed 
in water and incubated in incubation solution (30% ethanol, 25% glutaraldehyde, 0.5 M sodium acetate, 10 mM 
sodium thiosulfate). The gels were washed again and incubated for 40 minutes in silver nitrate solution (6 mM 
silver nitrate, 0.01% formaldehyde), washed and developed with two changes of developing solution (0.3 M 
sodium carbonate, 0.01% formaldehyde). The reaction was stopped by incubating for 10 min in stop solution 
(40 mM EDTA) and then washed before scanning. 

Figure 8 depicts a representative SDS polyacry lamide gel analysis of an anti-CD20 monoclonal antibody 
under non-reducing conditions. Lane 1 is molecular weight standards, Lane 2 is the G2 glycoform of C2B8; 
Lane 3 is the C2B8 preparation treated with galactosidase to remove galactose residues from the 
oligosaccharides; Lane 4 is the CHO derived C2B8 preparation treated with PNGase-F for the removal of intact 
oligosaccharide; Lane 5 is the C2B8 antibody from CHO production; Lane 6 is the CHO derived C2B8 after 
incubation at 37 C for 24 hours; lane 7 is the CHO derived C2B8 and BSA. The representative gel shows that 
the integrity of the C2B8 molecule remains intact after treatment with the galactosyltransferase. The G2 
glycoform does not disrupt the primary structure of the antibody. 

Figure 9 depicts the same material described above analyzed by polyacrylamide gel electrophoresis 
under reducing conditions. The C2B8 heavy and light chains remain intact. 

Example VI 

ELECTROTRANSFER AND IMMUNOSTA1NING 

After SDS-PAGE, the protein was electrotransferred to nitrocellulose (0.2 m, Scleicher and Schuell) 
in a NovaBlot Semi-Dry electrotransfer apparatus in transfer buffer (39 mM glycine, 48 mM TRIS, 0.04% SDS, 
20% methanol) for 90 minutes at 10 V. After electrotransfer, the nitrocellulose sheets were blocked in gelatin 
buffer (50 mM TRIS, 150 mM NaCl, 4.3 mM EDTA, 0.05% Triton X-100, and 0.25% fish gelatin). The 
immunoblots were probed with an affinity purified goat anti-human IgG (Jackson Laboratories) or goat anti- 
CHOP (IDEC Pharmaceuticals). Following incubation with the primary antisera the nitrocellulose sheets were 
washed with gelatin buffer and then incubated for 90 minutes with a rabbit anti-goat IgG-HRP (Jackson- 
Immunoresearch). The immunoblots were washed with gelatin buffer and then PBS/Tween 20. The 
immunoblots were stained with the substrate solution; 3,3'-diaminobenzidine tetrahydrochloride dihydrate 
(DAB), 0.5 mg/mL, nickel ammonium sulfate, 0.3 mg/mL; cobalt chloride, 0.3 mg/mL in PBS with H 2 0 2 . 

Example VII 
CIRCULAR DICHROISM SPECTROSCOPY 

The circular dichroic (CD) spectra of GT treated and untreated C2B8 was obtained on an AVIV 60DS 
spectropolarimeter. Each sample was dialyzed against 25 mM sodium citrate and 150 mM sodium chloride and 
then pipetted into a 0.01 -cm thermostatted circular cuvette. Each spectrum was the sum of 5 scans from 200 to 
250 nm. The spectra were obtained at 20°C. The protein concentration was determined using a A 0 1 /o = 1 .7 cm" 
1 at 280 nm. The mean residue weight ellipticity was calculated from 
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[Q]MRW = Qobs*( MRW ) /10cI 

where Q obs is the ellipticity of the sample, MRW is the mean residue weight of the IDEC-C2B8 (108.8), c is the 
sample concentration in mg/mL, and 1 is the path length of the cell in cm. The content of the secondary structural 
elements, a-helix, P-sheet, and non-ordered structure was calculated using the program CONTTN (Provencer and 
5 Glockner (1981) Biochem. 20:33-37; Provencer (1982) Comput. Phys. Commun. 27:229-242). 

Figure 10A and Figure 10B depict far and near UV CD spectra of C2B8 antibody from CHO culture 
and the G2 glycoform. As can be concluded from this analysis the G2 glycoform examined by circular dichroism 
as an indication of secondary structure (Provencer and Glockner (198 1), Biochem. 20:33-37) is the same as the 
heterogenous C2B8 composition. 
10 Example VIII 

CULTURE OF WIL2-S CELLS: 

The human B-lymphobiastoid cell line WIL2-S was obtained from the American Type Culture 
Collection (ATCC, Rockville, MD). The cells were grown in RPMI-1640 medium supplemented with 10% heat- 
inactivated (56°C, 30 min) fetal bovine serum, 2 mM glutamine and 20 mM HEPES, pH 7.2. Cells were cultured 

1 5 at 37°C in a humidified 5% C0 2 incubator. 

COMPLEMENT-DEPENDENT CYTOTOXICITY BIOASSAY: 

The CDC bioassay of C2B8 samples was performed using RHBP (RPMI-1640 supplemented with 0.1% 
BSA, 20 mM HEPES (pH 7.2-7.4), 100 IU/ml penicillin and 100 fxg/m\ streptomycin. For the assay, 50 fx\ of 
10 6 cells/ml cell suspension, 50 y\ of various concentrations of C2B8 and 50 ml of a 1/5 rabbit complement or 

20 human complement dilution were added to flat-bottomed 96- well tissue culture plates and incubated for 2 h at 
37°C and 5% C0 2 to facilitate complement-mediated cell lysis. Fifty microliters of Alamar blue (undiluted, 
proprietary formulation of Accumed International) was then added and the incubation continued for another 5 
h. The plates were allowed to cool to room temperature for 10 min on a shaker and the fluorescence was read 
using a 96-weII fluorometer with excitation at 530 nm and emission at 590 run. Results are expressed in relative 

25 fluorescence units (RFU). RFU were plotted against C2B8 concentrations using a 4-parameter curve-fitting 
program (kaleidaGraph) and the sample concentrations were computed fro the standard curve. All C2B8 
concentrations shown throughout this report refer to final concentrations in the wells before the addition of 
Alamar blue (Gazzano-Santoro (1997) J. Immunol. Meth. 202:163-171). 

i 

Figure 1 1 depicts the bioactivity of the G2 glycoform preparation compared with the heterogenous 
30 composition for C2B8 in a rabbit complement lysis assay. 

Figure 12 depicts the correlation of bioactivity and galactose content in the G2 glycoform. The G2 
glycoform preparation was at least 1.5 times more active in this assay than 
that produced under typical cell culture conditions. 
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WHAT IS CLAIMED IS: e , ycop rotein is a glycoprotein 

, A composition comprising glycoprotein wherein at least one glycop s 

havtagat e aS to„eCH 2 La, a n d ,eco m positio„is— lly fr ee o f ,e glycoprote, nav.g at least one 

The composition of claim 1 comprising an antibody glycoprotein. 
£ composition of claim 2 wherein the antibody g.ycoprotem is a monoclonal antibody. 
The composition of claim 3 wherein the monoclonal antibody is an IgG. 
The composition of claim 4 wherein the IgG is human IgG , - 

6 composition of Cairn 5 where, me monoOona, antibody is selected from the group 

, rrpno snecific monoclonal antibody, and anti- 

, consisting of an anti-CD20 specific monoclonal ant.body, an ant,-HER2 spe ,f 

VEGF specif, monoclonal antibody, and an anti,gE specific monoclona a^, 

7 The composition of claim 6 wherein the monoclonal antibody is an 

8 The composition of claim 1 comprising an immunoadhesin glycoproteu, 

, Z composition of clam, 8 wherein the immunoadhesin g.ycoprotem ,s a tumor necros.s 

15 c*. 1 — the composition is fcrther — free of a 

oncoprotein having an N-linked G2 oligosaccharide in the CH2 domain. 

,, The composition of claim 10 comprising an antibody glycoprotein. 

"e composition of claun 1 , wherem the antibody glycol is a monoclona, ant.bod, 
,3 The composition of claim 12 wherein the antibody is an IgG. 
, 4 The composition of claim 13 wherein the IgG is human IgGi- 

vbof — . — r. — ^— ™7'°> irri -» 

, 6 •n,= »».p<«Wonor.l.»,15wh OT tate».onocl«»l i m«b«lys»» 

T» t oompo S i.i<«ofcl.in.l»»h™»«.= 8'yc»P»" i " i >'» ta ™~' ,dlCSm . 

i nc vu. k jc a tumor necrosis factor- 

The comport** °f cW» " """i" *• —» * ts " » ' 

• u ,;„„ an N linked G-2 oligosaccharide in the CH2 domam. 
glycoprotein having an N-lmked g compr ising the steps of reacting in an 

21. A method of producing the composition of claim 20 comprising 

aqueous buffered solution at a temperature of about 25-40° C; 

a) a metal salt at a concentration of about 5 mM to about 25 mM; 

b) an activated galactose at a concentration of about 5 mM to about 50 mM 
.agalac-yltransferaseataconcentrationofabout . mUnit/m, to about lOOmUnit/ml, 

d) a substrate glycoprotein; and recovering the glycoprotein. 
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22. The method of claim 21 wherein the metal salt is selected from the group consisting of 

Mn2++, Ca2++, and Ba2-HK 

23. The method of claim 22 wherein the activated galactose is uridine diphosphate-galactose 

(UDP-galactose). 

24. The method of claim 23 wherein the galactosyl transferase is a mammalian pi-*, galactosyl 

transferase. „ „ u . i, ■ 

25 The method of claim 24 wherein the reaction temperature is about 37 C, the metal salt is 

Mn2++ a, a concentration of about 5 mM, the UDP-galactose concentration is about 5mM and the P 1-4 
galactosyl transferase concentration is about 1 mUnit/ml. 

26. The method of claim 25 wherein the glycoprotein is an antibody. 

27. The method of claim 26 wherein the antibody is an IgG. 

28 The method of claim 27 wherein the IgG is human IgG , . 

29 The method of claim 28 wherein the monoclonal antibody is selected from the group consisting 
of an anti-CD20 specific monoclonal antibody, an anti-HER2 specific monoclonal antibody, and anti-VEGF 

1 5 specific monoclonal antibody, and an anti-lgE specific monoclonal antibody. 

30. The method of claim 29 wherein the glycoprotein is an immunoadhesin. 

3 1 . A method for the treatment of a disease state comprising administering to a mammal in need thereof 

a therapeutically effective dose of the composition of claim 1 . 

32. A method for the treatment of a disease state comprising administering to a mammal in need thereof 

20 a therapeutically effective dose of the composition of claim 1 0. 

33 A method for the treatment of a disease state comprising administering to a mammal in need thereof 

a therapeutically effective dose of the composition of claim 6. 

34. A method forthetrearmentofadisease state comprismg administering to a mammal in need thereof 

a therapeutically effective dose of the composition of claim 16. 
25 35. A pharmaceutical composition comprising the composition of claim 1 and a pharmaceut.cally 

acceptable carrier. 

36. A pharmaceutical composition comprising the composition of claim 10 and a pharmaceut.cally 
acceptable carrier. 

37. A pharmaceutical composition comprising the composition of claim 6 and a pharmaceutical^ 

30 acceptable carrier. 

38. A pharmaceutical composition comprising the composition of claim 16 and a pharmaceut.cally 
acceptable carrier. 

39. A pharmaceutical composition comprising the composition of claim 7 and a pharmaceut.cally 
acceptable carrier. 

35 40. A pharmaceutical composition comprising the composition of claim 17 and a pharmaceut.cally 

acceptable carrier. 

41 . An article of manufacture, comprising: 

a container; 

a label on said container; and 
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the composition of claim 1 contained within said container. 

42. An article of manufacture, comprising: 
a container; 

a label on said container; and 

the composition of claim 10 contained within said container. 

43. article of claim 41 wherein the label on the container indicates that the composmon can 
he used for the treatment of cancer. 

oe ubcu iui ™ tn ; n - r indicates that the composition can 

44. The article of claim 42 wherein the label on the container indicates m 

be used for the treatment of cancer. 
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